Introduction
In this paper, we estimate the credit risk reduction potential implied by a national diversification of bank lending in Switzerland.
The Swiss bank loan market is characterized by the co-existence between a small number of large banks operating at the national level -the big banks and a few commercial banks -and about 120 smaller banks operating at the regional or cantonal level -the cantonal and the regional banks. Besides, there is the hybrid model of the Federation of Raiffeisen banks: each member bank operates at the regional level, but the Federation covers the whole country and there is an extended solidarity mechanism between member banks.
Remarkably, the allocation of market shares between banks operating at the national level and those operating at the regional level has remained quite stable since the beginning of the 1990's. The national "business model" represents about 40% of the volume of domestic lending, while the local and hybrid models represent about 50% and 10% respectively. 1 The traditional explanation for the co-existence between the national and the regional business models lies in a possible trade-off between the costs and benefits of risk diversification. 2 The diversification of the loan portfolio will be costly * Financial Stability Section, Swiss National Bank, P.O. Box, 8022 Zurich, Switzerland. The views in this paper do not necessarily reflect those of the Swiss National Bank. The author thanks Robert Bichsel, Swiss National Bank, the editor and an anonymous referee of this journal for their constructive comments. 1 Source: Swiss National Bank (2006) . 2 Acharya, Hasan and Saunders (2002) , for example, argue that a bank's monitoring effectiveness may be lower in newly entered markets. But their empirical findings on the effects of if entering a local loan market implies some fixed cost: for example, screening local borrowers and assessing local business conditions may require the creation of a branch. In that case, the competitive pressure on lending interest rates from banks operating at the national level will be limited by the fact that their advantage in terms of risk diversification is partially compensated by the cost of entering several local markets.
With the development of credit risk models, however, the trade-off between the costs and the benefits of diversification has become less evident. Using computer-based credit scoring techniques, banks can assess the risk profile of potential borrowers "at a distance", i.e. without having recourse to the more qualitative judgement of the local credit manager (Leyshon and Thrift, 1999) . This can substantially reduce the cost of entering local markets and, thereby, the cost of national diversification.
3 Under the assumption that the cost of entering local markets has decreased, the competitive pressure from banks using the national business model should become stronger and bring lending rates down to a level where the local component of credit risk is not remunerated anymore. As a consequence, banks operating at the local level might face difficulties in remunerating and thus maintaining the level of economic capital necessary to cover the local component of credit risk. Eventually, the erosion of local banks' capital base could result in a higher risk of default in this bank category.
Of course, the mechanism described above matters only if the local component of credit risk is material, i.e., if a national diversification of the loan portfolio leads to a substantial reduction of credit risk. The quantification of this diversification potential is the object of the present study. In a first step, we develop a credit risk model where the evolution of the cantonal (i.e., regional) corporate default rates depend on various macroeconomic variables reflecting the national and cantonal business cycles. In a second step, we calculate the credit risk for a national loan portfolio and for portfolios consisting of the same number of loans in each canton. In a third step, we calculate the credit risk diversification potential as the difference between (i) the average of the risks of the cantonal portfolios and (ii) the risk of the national portfolio. geographic diversification contradict this hypothesis. For a theoretical analysis of the tradeoff between the benefits and costs of diversification, see Hellwig (1998) . 3 From 1998 to 2003, a period that broadly coincides with the introduction of credit risk models, the two Swiss big banks reduced the number of their branches by 26% (of which about 3% were directly related to the UBS-SBC merger), while the number of branches at cantonal and regional banks remained stable.
Depending on the credit risk indicator -value at risk and expected shortfall at the 1% level -and on the size of the loan portfolio, we find a risk diversification potential representing 10 to 20% of the average of the risks of the cantonal portfolios. Assuming that there is no other source of risk, the indicators mentioned above represent the amount of economic capital that a bank needs to achieve a 1% default probability. Hence, our estimates of the credit risk diversification potential imply that a bank operating at the national level would be able to achieve the same 1% target default probability with about 10 to 20% less economic capital than a bank operating at the cantonal level. From a financial stability perspective, this finding should motivate particular scrutiny on the capital adequacy and profitability of the more than hundred Swiss banks that are staying on the regional business model.
The rest of the paper is organized as follows. Section 2 provides an overview on the methodology. In section 3, we model the relationship between the default rate and the economic environment. In section 4 and 5, we simulate default rate scenarios as well as the corresponding value distributions of the national and cantonal portfolios. Section 6 presents the estimates of the risk diversification potential. Section 7 provides a robustness check based on provisioning. Section 8 concludes.
Overview on the Methodology
The model used in this paper is inspired from Mc Kinsey's CreditPortfolioView (see Wilson 1997a and 1997b) . We model the cantonal default rates as a function of several systematic risk factors -measuring macroeconomic conditions at the national and the cantonal level. This approach has two advantages over traditional credit risk models. First, it provides credit risk estimates for the loan portfolio that are conditional on the state of the economy. Thereby, it accounts for the empirical observation that corporate default rates are subject to substantial fluctuations throughout the business cycle. Over the period 1979-2000, the coefficient of variation of the national corporate default rate at the national level was 30%. And the variations of the corporate default rate were negatively correlated with economic activity (see Table 1 ). Empirical evidence for other countries also supports the idea that the number of defaults -and downgrades -is larger during a recession than in an expansion. 4 Second, this approach enables us to model the interdependencies between the cantonal default rates in a flexible way.
In particular, we can account for the fact that these interdependencies depend on multiple factors and that they can vary over time. By contrast, most traditional credit risk models usually rely on unconditional default rates, representing 10 or 20 years averages, and they capture the default interdependencies by relying on a single risk factor, or equivalently, by assuming a constant correlation. In short, the estimation of the credit risk of the national and cantonal loan portfolios and of the corresponding diversification potential involves the following steps:
-We first estimate the historical relationship between the default rate and the economic environment for the different cantons; -Based on these historical relationships, we simulate different scenarios regarding the state of the economy and we calculate the corresponding default rate scenario for each canton; -Conditional on each default rate scenario, we simulate individual scenarios for each borrower in each canton. Thereby, we obtain the individual loan value distributions covering all the combinations between default rate scenarios and individual scenarios; -By aggregating the loan value distributions over all borrowers in each canton (and over all cantons), we obtain the value distribution for each cantonal portfolio (and for the national portfolio); -The value distributions of the national and cantonal portfolios are then used to compute the various risk indicators and the credit risk diversification potential.
We consider two indicators of credit risk: the value at risk (VaR) and the expected shortfall (ES). The VaR at the α% level measures the maximum potential loss that the portfolio can suffer in the 99% best cases on a given time horizon. The VaR does not rely on a specific profit/loss distribution. However, an important drawback of the VaR is that it is not necessarily risk-sub-additive. This means that depending on the shape of the distribution and on the choice of α, the VaR estimated for a portfolio can be larger than the sum of the VaR of its stand-alone components (see Embrechts, 2000, and Acerbi and Tasche, 2002) . The VaR may therefore fail to recognize the benefits of diversification. The ES measures the average loss on a portfolio in the worst α% cases. Acerbi and Tasche (2002) show that the ES is risk sub-additive. The ES focuses on a segment of the distribution and not on a single point. It is therefore less sensitive than the VaR to the choice of α. Since our study focuses on diversification, the sub-additivity of ES is a very desirable property. Another advantage of ES is that it includes extreme outcomes that are very relevant from a regulatory point of view, even if a bank may consider them as negligible because of its limited liability.
Relationship between the Default Rate and the Economic Environment

Model Specification, Data and Estimation Method
In this section, we develop two models of the evolution of the cantonal corporate default rates. The corporate default rate is defined as the numbers of defaults (Feuille officielle suisse) divided by the number of firms (Annuaire statistique fédéral) in a canton.
In the "macro model", we assume that the default rate in a canton is a function of its past value and of the current value of several national and cantonal macroeconomic variables. The first block of the macro model consists of J = 22 (for the number of cantons 6 ) univariate autoregressions in which the national and cantonal macroeconomic variables enter as additional explanatory factors. We have
where p j , t is the default rate in canton j, ΔINC j , t is the growth rate of real cantonal income, UR j , t is the cantonal unemployment rate, ΔGDP t is the real GDP growth rate and i3m t is the 3-month Swiss franc LIBOR. We expect real GDP growth and cantonal income growth to have a negative impact on the default rate, as a stronger economic activity or a stronger demand should improve the financial strength of firms. As argued in section 2, there is considerable empirical evidence that real economic activity is an important driver of credit risk. We expect the interest rate to have a positive impact on the default rate, as higher interest rates increase the burden of the debt for firms. Pesaran et al. (2006) also consider the interest rate as a credit risk driver. Finally, we expect the unemployment rate to have a positive impact on the default rate, since a high level of unemployment can depress the demand faced by local firms and thereby deteriorate their financial strength.
The macro model also assumes that the evolution of each macroeconomic variable is governed by a univariate autoregressive process of first order. The second block of the macroeconomic model is specified as follows:
The macro model is very close in its architecture to Mc Kinsey's Credit PortfolioView (Wilson 1997a and 1997b) . In particular, both models contain a first block explaining the evolution of the default rate as a function of different macroeconomic variables and a second block explaining the evolution of these macroeconomic variables based on autoregressive processes. Also, both models use the contemporaneous values of GDP growth, the employment rate and the interest rate as explanatory variables for the default rate. However, in Wilson (1997a and 1997b) , the focus is on international diversification. Hence, all variables are observed at the national level. Another difference is that in Wilson (1997a and 1997b) , the first block does not contain past values of the default rate as an explanatory variable. Of course, the need for including this explanatory variable depends on the degree of persistence of the default rate.
In the "one-factor autoregressive model", we simply assume that the current default rate is a function of its past value plus a constant. We have
Because of its transparency, the one-factor autoregressive model serves as a useful point of comparison for the macroeconomic model. Another advantage is that the number of coefficients we have to estimate is small and that we do not need additional equations explaining the evolution of the macroeconomic variables. Table 2 presents the summary statistics for the different variables. To save space, we base the statistics for the cantonal macroeconomic variables on the pool of the 22 cantons.
The cantonal default rates are observed at an annual frequency. As a result, we have only 22 observations per canton. We therefore combine the data of all cantons to form a pool, as in Wilson (1997a and 1997b) . The pooled systems of equations defined by (1)-(1d) and by (2) are then estimated using "canton" specific fixed effects.
Results
The estimates of the macroeconomic model are presented in Table 3 . For the default rates, the coefficient of the lagged dependant value is large and significant, indicating a high degree of persistence in the default rates. All macroeconomic variables have a statistically significant and economically plausible impact on the default rates.
The results of the one-factor autoregressive model are presented in Table 4 . They also indicate a high degree of persistence in the evolution of the default rate. The comparison of the adjusted R-squared of the two models indicates that the inclusion of the macroeconomic variables leads to a modest increase in the explanatory power. The data for the six semi-cantons and for cantons Bern and Jura have been merged to form four cantons. t-values in parentheses, ** significant at 1% level 
Simulation of Default Rate Scenarios
Based on the models' estimates of the previous section, we conduct a MonteCarlo simulation of economic scenarios and of the corresponding default rates. In the context of the macroeconomic model, the simulation of the default rate corresponding to economic scenario n, with n = 1 to N, over a time horizon T = 3 years involves the following steps:
-For each period t in the time horizon T, we compute random shocks using a Cholesky decomposition of the variance-covariance matrix of the residuals of the system of equations defined by (1) to (1d); -The random shocks are then entered into the pooled system of equations to compute the realizations of the macroeconomic variables and of the annual cantonal default rate corresponding to scenario n for each period t in the time horizon T; -Based on the annual default rates, we compute the cumulative cantonal default rate over the time horizon T corresponding to scenario n.
In the context of the one-factor autoregressive model, we go through the same steps using the pooled system of equations defined by (2).
Loan Value Distribution and Portfolio Value Distributions
To obtain the loan value distribution for each borrower, we simulate the status of each borrower (default/non default) and the related loan value at the end of the time horizon. This simulation is conditioned on the cumulative default rate corresponding to each economic scenario. A borrower will default at the end of the time horizon T if his return on assets, drawn from the standard normal distribution, falls below a pre-specified threshold. This threshold is derived from the cumulative default rate corresponding to economic scenario n. When the scenario implies a high default rate, the threshold is high. The value of a defaulted loan is set to 50. The value of non-defaulted loans is 100 plus an interest rate just compensating for the expected losses corresponding to the cantonal default rate averaged over the N economic scenarios. For each borrower and for each economic scenario, M individual scenarios are simulated. With N = 50 and M = 100, this leaves us with a distribution of N × M = 5000 loan-values for each borrower over horizon T. The output of this stage can be visualized using a vector and matrix representation. The vector pcum j,T contains the N cumulative default rate scenarios for a given canton over horizon T. The matrix loanvalue j,T contains the N × M loan values for a given borrower conditioned on each default rate scenario. As M tends to infinity, the frequency of the default values (50) in the first row of loanvalue j,T tends to the cumulative default rate in the first row of pcum j,T . 
The value distribution for each cantonal portfolio is then obtained by aggregating the loan value distributions over all borrowers in a canton for each of the N × M scenarios. Finally, the value distribution of the national portfolio is obtained by aggregating the value distributions of the cantonal portfolios.
Calculation of the Credit Risk Diversification Potential
Based on the portfolio value distributions, we calculate the VaR and the expected shortfall (both at the 1% level) for the national portfolio and for each cantonal portfolio. The national portfolio and each cantonal portfolio contain the same number of loans. The credit risk diversification potential is calculated by taking the difference between the average of the risks of the cantonal portfolios and the risk of the national portfolio. Table 5 presents the results for a 100 CHF portfolio with 500 loans. The results based on the macroeconomic model indicate that the risk of the national portfolio is 11% (VaR), respectively 12% (expected shortfall) smaller than the average of the risks of the cantonal portfolios. This reduction of risk is significant at the 1% level for the expected shortfall and at the 5% level for the VaR. The results based on the one-factor autoregressive model point at a slightly smaller risk reduction. a Each cantonal portfolio includes 500 borrowers. b For the national portfolio, we assume that the 500 borrowers are equally distributed across cantons. c The values in parentheses are the standard errors based on bootstrapping. ***, ** and * indicate that the risk reduction is significant at the 1%, 5% and 10% level, respectively. Table 6 presents the results for a portfolio with 2000 loans. The results based on the macroeconomic model indicate that the risk of the national portfolio is 20 % (VaR), respectively 21% (expected shortfall) smaller than the average of the risks of the cantonal portfolios. The risk reduction is significant at the 1% level for both indicators. The results based on the one-factor autoregressive model again point at a slightly larger risk reduction.
The comparison of the results between Tables 5 and 6 indicate that the risk reduction (expressed as a percentage of the average risk of the cantonal portfolio) is more substantial when the number of loans is large. This reflects the fact that with a larger number of loans, idiosyncratic risk (i.e., the risk that a borrower may default or not conditional on a cantonal default rate) decreases in importance compared to the risk related to fluctuations of the cantonal default rate.
Consequently, the possibility to diversify default rates across cantons becomes more important in relative terms.
So far, we have compared the risk of the national and cantonal portfolios assuming a fixed number of loans. This corresponds to a strategy where a bank diversifies its loan portfolio across cantons without expanding the size of its portfolio. But a bank could also expand the number of its loans in combination to national diversification. Figure 1 shows the expected shortfall of the portfolio for national diversification strategies based on a different number of loans, starting from a cantonal portfolio consisting of 500 loans. Spreading these 500 loans nationally brings a risk reduction of 12%. Increasing the number of loans to 2000 and again diversifying them nationally brings a reduction of 45%. Finally, increasing the number of loans to 11000 (22 cantons x 500 loans) and diversifying them nationally, would bring a risk reduction of 60%. 
A Plausibility Check Based on Provisioning
To assess the plausibility of our results, we look at the volatility over time (standard deviation) 7 of the ratio of bank provisioning and amortizations to total loans. The volatility of provisioning is the only proxy for unexpected losses we can observe using bank data. By analogy with our approach based on the default rate, we estimate the credit risk diversification potential by taking the difference between (i) the average of the standard deviations of the provisioning rates calculated at the cantonal level and (ii) the standard deviation of the provisioning rate calculated at the national level. Note that by construction, the provisioning rate calculated at the national level includes a larger number of loans than the provisioning rate calculated at the cantonal level. As a result, the estimate of the credit risk diversification potential based on provisioning includes not only the effect of geographical diversification, but also the effect of having a larger number of loans -a bias that is not present in the approach based on the default rate.
The results are presented in Table 7 . They cover the period 1987-2002, for which we have data at the individual bank level. We find that the risk diversification potential represents about 50% of the sum of the standard deviations of the provisioning rates calculated at the cantonal level. Besides the technical bias described above, another explanation for the larger estimate of the credit risk diversification potential is that the volatility of provisioning also reflects the possibility to diversify losses given default (due, for example, to the imperfect correlation of real estate prices across cantons). Regrettably, the very small number of nationally diversified Swiss banks prevents us to conduct a reliable cross section test of the relationship between the standard deviation of provisioning and the degree of national diversification of individual banks' loan portfolios. Indeed, only seven Swiss banks have allocated more than 20% of their loan portfolio outside the frontiers of their own canton.
Conclusion
This paper provides estimates of the reduction of credit risk that can be achieved in Switzerland by a national diversification of bank lending. We use a credit risk model based on corporate default rates observable at the cantonal (i.e., regional) level. Depending on the risk measure considered -VaR and expected shortfallwe find that the risk of a national loan portfolio is about 10 to 20% smaller than the average of the risks of cantonal loan portfolios including the same number of loans. From a financial stability perspective, this substantial risk diversification potential should motivate particular scrutiny on those banks staying on the regional business model, such as the cantonal and regional banks.
The methodology and results in this paper are subject to a number of limitations. First, because of the low frequency of the default rate data, the models explaining the evolution of the default rate must be estimated on a rather small number of observations. This implies a larger range of error in the estimation of the parameters and in the simulation of default rate scenarios. Second, our modelling of the evolution of the macroeconomic variables is quite basic. Third, because of the lack of data, we have to assume that within each canton, all firms can be characterized by the same -average -default probability and by the same recovery rate. In reality, default rates and recovery rates do of course differ depending on the borrower and the transaction. In spite of these caveats, our finding of a substantial credit risk diversification potential seems plausible and consistent with the evidence obtained from the volatility of bank provisioning at the national and at the cantonal levels.
